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ABSTRACT 


This report documents the currently-recognized most accurate values for tlie 
masses, radii, and certain mean orbital elements for most of the planets and 
many of the satellites of the Solar System. These values were used to produce 
computer-generated tables of libratLon-point parameters . 
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SECTION 1 - INTRODUCTION 


Tables of the masses, radii, and certain orbital elements for selected Solar 
System bodies have been prepared for calculating improved libration point 
parameters as given in the tables of NASA Technical Report R-346, ‘'The Con- 
trol and Use of Libration- Point Satellites, " by Robert W. Farquhar, Goddard 
Space Flight Center (Reference 41). These tables, presented in Section 2, 
include the most recent values, many derived from spacecraft data and from 
sophisticated ground-based observations of special astronomical phenomena 
during the past five years. The data in these tables were collected primarily 
for librati on-point parameter calculations, but should have a wide range of 
other applications. Section 3 contains tables of libration-point parameters 
lilce tliose in Reference 41 using values for the constmits given in Section 2. 
Definitions of all libration-point parameters are given in the reference. 
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SECTION 2 - TABLES OF ASTRONOMICAL CONSTANTS 


Basic astronomical data about 8 planets and 14 satellites of tiae Solar System 
have been compiled from various sources and collected in three tables. 

The planets and satellites selected are tlie same ones as tliose used for the 
tables in Reference 41 plus five satellites which are relatively close to tlieir 
planet: Amalthea, Janus, Miranda, Ariel, and Titania. All the planets are 
included except Pluto, whose mass remains too poorly Icnown for meaningful 
libration-point calculations. The additional satellites were selected to check 
the possibility tliat the collinear libration points might be below the surface of 
the satellite. This is not likely for any of the satellites, but is possible for 
Miranda (liighest probability), Ariel, and Amaltliea. The valuer for die masses 
and radii for these three satellites are very uncertain. 

Mass ratios of die objects witii respect to its px'iniary (the Sun or die parent 
planet) are presented in Table 2-1, including error estimates, method of 
determination, and source references. 

Mean radii are presented in Table 2-2, since these are used only for calculating 
mean shadow pai'ameters. The mean radius is the cube root of the product of 
half of the lengths of the principal axes of the triaxial ellipsoid used to repre- 
sent the actual surface of the body. Values for the lengths of the principal axes 
are available for many objects in the source references. Table 2-3 corre- 
sponds to Tables 2-7 and 2-8 in Reference 41. 

The orbital elements listed in Table 2-3 are die semimajor axis, eccentricity, 
and the mean motion, which are useful for libration-point calculations. 
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Table 2-1. Values Tor Masses of Solar System Bodies 
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Table 2-2. Values for Radii of Solar System Bodies (1 of 2) 
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Table 2-2, Values for Radii of Solar S^'slcm Bodies (2 of 2) 
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Table 2-3. Values for Orbital Elements of Solar System Bodies 
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NOTES - TABLE 2-1 


For all of these tables, if there is more tlian one reference, A = orginai; 
B = possibly more available secondary source; and C = source for error 
estimate if not A. 

In last place, References 10 and 28 give .5 rather than .7. 

Calculated from masses of Earth + Moon and Moon; Buncombe et al. 
(1976). 

In last place. References 10 and 28 give 0 rather than 4. 

References 10 and 28 give 1/1047.355 based mainly on studies of orbits 
of minor planets. 

A weighted mean of many results. 

The photograpMc satellite data probably give the strongest determination 
(formal error much smaller); fears about very large problems involving 
the photograpMc plate scale are believed to be unfounded. 

The mass of Janus was calculated assuming that its density and albedo 
are the same as those for Mimas using the relation 

log (m/mQ) = -0.6 (V-Vq), 

where m = mass of Janus, m = mass of Mimas, V = stellar magnitude 
Janus (Ref. 20), and V = stellar magnitude of Mimas (Ref 6 and 20). 

The error is my estimate. 

A weighted mean of various results, weighted in favor of a determination 
by Message (Reference 18) which had by far the smallest error. 

Doing a calculation like the one in Note h above using V = 14. 01 fo^ 
Titania and V = 5, 52 for Uranus (Ref. 36) jaelds m/m = 8 x 10 for 
Titania. However, the density of Titania is likely to be greater than 
that of Uranus, and the relative albedo lower. Botl: effects^will raise 
Titania's mass, but not likely as great as m/m = 10 x 10 , tlie very 

uncertain dynamical result. Tins is emphasize'^ further in recent work 
by Greenberg (Ref. 35), who shows from tlie motion of Miranda the 
dynamically determined masses are most likely upper limits. Conse- 
quently, a reasonable mass for Titania would perha^ , be m/m - {3 t 2) 

X 10”^, wMch has been used here. The other satellites of Uranus are 
probably physically ratlie. similar to Titania, so the mass scaling 
factors based on magnitudes given in Reference 11 have been used. 

A mean of determinations by Alden (Reference 2) and Nicholson (Refer- 
ence 22). 



NOTES - TABLE 2-2 


Same as Note a, Table 1. 

Furtlier improvement of this value will be less tlian neglected topography 
and oblateness effects for tlie shadow calculations. 

From Appendix 1; Astrometric analysis of tlie occultation of Beta Scorpii 
by Jupiter on 1971 May 13 . This occultation result is preferred for 
optical shadow effects over Pioneer radio occultation data. 

The standard error is calculated assuming 0". 1 accuracy in the visual 
measurements. 

Various analyses are consistent. 

Tliis is in agreement with observations of an occultation of a star in 1974, 
w'liich can not be used since data w^ere obtained from onlj^ one station (one 
chord observed) . 

The standard error is calculated assuming 0". 3 at 1 A. U. from lunar 
radius uncertainty and Reference 19, wiiich notes tliat the photosphere is 
not sharply defined, but has a maximum gradient of about 10 magnitudes/ 
1 ". 


NOTES - TABLE 2-3 


The instantaneous osculating orbital elements depart considerably from 
the mean elements given here due mainly to third-body perturbations. 
These depaztures are considerably larger than the standard errors, wMch 
are tlierefore not given. Most important for lib rati on-point calculations 
is tlie range of distances of the planet from tlie Sun (or of the satellites 
from the planet), which is adequately given in nearly all cases by the mean 
pericenter and apcenter distances, a (1-e) and a (1+e), respectively. In 
every case, the sidereal mean motion is tlie most accurately determined 
orbital element, introducing no significant error into librati on-point cal- 
culations considering the larger errors introduced via errors in die other 
elements. Standard errors are not available for all mean elements, 
especially for tliose derived from the early investigations. Under semi- 
major axis and sidereal mean motion, values are listed as they are pre- 
sented in the source, then converted to kilometers and radians per second, 
respectively. 

The orbital elements for tlie planets are mean elements valid for long 
time spans based on comprehensive studies at the U. S. Naval Observatory 


80 years ago. No improved values for mean elements have been derived 
since then, all modem ephemerides being computed by numerical integra- 
tion, from wliich it is very difficult to derive mean elements. However, 
the scaling factor, 1 A.U. = 149 597 871,41 t 0.03 Ian, is from tlie recent 
solution for JPL DE96 {Reference 26). The actual uncertainty in the scal- 
ing factor is 1 1 km due to uncertainty in c, the speed of light value, but 
this is removed if it is agreed to measure distances in light-time Luiits 
with a fixed value of c (=299792.458 km/sec for DE96, the recently- 
adopted value) . 

c. J. Y. = Julian year = exactly 365.25 days; T. Y. = tropical year = 
365.24220 days. 

d. The semiraajor axis of the Moon’s orbit has been defined (Reference 15) 

to be tlie perturbed mean distance to tlie Mcwn = the semimajor axis of 
Hill's variational orbit = F 2 (GE(lH-p )/n^) . F 2 = 0.999093142 is the 

factor needed for modifying Kepler's third law. It depends only on the 
well-determined ratio of the mean motions of the Moon and the Sun. GE 
is the gravitational constant of the Earth = 398600.49 t 0. 10 km^/sec^ 
based on five years of lunar laser ranging data and using tlie recently- 
adopted speed of light (Reference 33). is the Earth-to-Moon mass ratio 
and n is the Moon's sidereal mean motion. Since all published analyses 
of ].unar laser ranging data have used a numeric ally- integrated lunar 
ephemeris, it is not now possible to derive mean elements directly from 
tills data. Abalakin (Institute of Theoretical Astronomy, Leningrad) 
reported, at the I. A.U. General Assembly in France in August 1976, 
that he is analyzing the laser ranging data using the j=2 new Improved 
(Eckert-Broivn) lunar ephemeris. Improved mean elements are expected 
from Abalakin's study. 

e. Angular separation at unit distance, 1 A.U. 

f. These are in units of a^ = 0. 0070854378 A.U. , log Uq = 7. 85036669-10. 

g. Angular separation at mean distance, 9.538843 A.U, Only a few observa- 
tions of Janus were obtained when the rings were edge-on in 1966-1967, 
so the orbital elements are very uncertain. If more observations are ob- 
tained by Pioneer II or during the next edge-on view in 1979, the value 
for die orbital elements \vlll be improved considerably. At present, a is 
uncertain by 0". 8 and the period by t 1^. 

h. Angular separation at mean distance, 9. 538843 A, U. 

i. Angular separation at unit distance, 1 A.U. A more recent study of 
Triton was completed by J. R. Gill and B. L. Gault in 1968 (Astron. J. 

73, p. 595), but their orbital elements for Triton have not been published 
and an error is suspected. Alan Fiala at the U. S. Naval Observatory is 
examining tlieir calculations. 
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SECTION 3 - TABLES OF LIBRATION-POINT PARAMETERS 


Tables of libration-point parameters like tliose in Reference 41, but calculated 
using values for the constants given in the tables of Section 2, are presented 
in this section. Formulae for computing all libration-point parameters are 
given in the reference , The number of the corresponding table of Reference 41 
is given in parentheses after each table heading in Section 3. Since the Sec- 
tion 3 tables were all generated using a computer, they can easily be updated 
as new values for the astronomical constants become available. Certain very 

large and very small numbers are expressed in the usual computer double 

6 “3 

precision exponent notation, such as "D 06" = 10 and "D-03" = 10 . For 

each libration-point parameter, three values were computed, corresponding to 
tlie nominal value for tlie mass and radius, and for upper and lower bounds for 
these values, as was done for Mercury in Reference 41. This will facilitate 
the calculation of new parameters when the mass or radius of an object is 
improved with future observations. The upper and lower bounds selected are 
generally a few times the formal standard error, to allow for the possibility 
that future values will be outside the standard error range due to currently 
unknown systematic errors. If the mass of a satellite or planet is larger 
than expected, it is probable that its radius will also be greater than its nomi- 
nal value. However, when the low value of the mass is used for a shadow- 
table calculation, the high value for the radius is used, and vice versa, in 
order to compute minimum and maximum possible critical radii and shadow 
apex lengths. For tlie same reason, low and high values for the Solar radius 
were used wth the low and high values of the mass of the body, respectively. 

Normalized mass ratios /iand distances of collinear libration points from the 
respective planets, expressed in units of the semimajor .'ixis of tlie planet's 
orbit, are given in Table 3-1, Similar data for the satelHtes are given in 
Table 3-2. Constants for the equations of motion of. an unpowered spacecraft 
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Table 3-1. Mass Parameters and Distance Ratios 
for Sun-Planet Systems (2, 1) 


L I faHAT I ON 

PO INT 

PARAMETERS 





plane r 

VALUE 

MASS 


MU 

GAMMA LI 

GAMMA L2 

■lEriCURY 

L Uv< 

l/o . C246000U 

06 

1 .65986 100-C7 

3, 60566730-03 

3.31534730-03 

■ lERCURY 

N ul<l • 

1 /6 . 0RJ6U UOD 

Oc 

1 .66013650—07 

3.80587760-03 

3 . 6 155587D-0 3 

.'lEr^OURY 

H I uh 

1 /o • Ui£E60 0 CO 

0 c 

1 .6u04122D— C7 

3. tuc0880U-03 

3.8 1 577 C 1 0-0 3 

E ^iJb 

L LI •# 

i/4 . 0bS2570O 

05 

2 . 44782 040-06 

9 . 3 1 6 2 J 7 60— 0 3 

9.373449 1 0— -* ; 

. w. <US 

>1 LJ I'l • 

1/4 . u co2 J 7 CO 

05 

2.4*+ 7 83240— Co 

9.3 1 5252o0— 03 

9 .37346450— 03 

V E IN (J 5 

H I uH 

1/4. 0352 I 7 CO 

05 

2 . 44784440- Cc 

9-31 S 26790-03 

9 .37347980- 0 3 

z. A n r H 

1_ G Vi 

1/j . 2iiy4e5 CO 

0 5 

3. 00347550-Cl 

9. C7C39o2D-03 

1 .0037 1 150-03 

EARTH 

N L |V| • 

I'/J. 32^46 0 00 

0 5 

3 .00348 lOD-06 

9.97C403 10-0 3 

1 .0037 1 200-02 

EARTH 

H IGH 

1/3. 32^45500 

05 

3 . 00348580—06 

9 . 97C4C8 10-03 

1 .0037 1 250-02 

E A K T H + M IJ CN 

L L.W 

l/o.2dS007e0 

05 

3. C4C42140-C6 

1. 00 1C9 7 50-0 2 

1 . 00782380-02 

EAPTH+MO GN 

N OM , 

i/3 . ^lU900530 

05 

3 . 04042370-06 

1 . 00 10978U-0 2 

1 -007824 10-02 

EAHTH+MUON 

HIGH 

123.2690023D 

05 

3 .04042600-06 

1.00 109800-02 

1 . C 0782430-02 

MK 3 

L uW 

1/3.09372400 

06 

3 . 227 13370-07 

4.748J400D-03 

4.7 634 1 90CH-03 

MARS 

NUM. 

• 1/3. 0yd7 1 4C0 

0 6 

3. 22714420-07 

4.74834510-03 

4 .76342410-03 

MARS 

H I oH 

1/3 . U987040D 

06 

3.22715460- 07 

4.74835020-03 

4.76342920-03 

JUPITER 

L 0 iV 

1/1 . 0473483D 

03 

9.53881450-04 

o. 668067 60— 0 2 

6.97845400-02 

JUPITER 

N GM » 

1/1 . 04734630 

03 

9 .5 388327D- 04 

6.66807170-02 

e. 9 7845940-02 

J UP I T ER 

HIGH 

1/1 . 0W-73443D 

03 

9.53885090-04 

6.66807590-02 

6.9 7646390-02 

SATURN 

LOW 

1/3.50000000 

03 

2 .85632680-04 

4 .49602580-02 

4.63499310-02 

SATURN 

NUM. 

1/3. 49850000 

03 

2.857551 1D-C4 

4 . 49 6o 58 00—0 2 

4 .63566 SO D— 0 2 

SATURN 

HIGH 

1/3.497000CO 

03 

2.85877640-04 

4, 49 729C50-02 

4.6363373D-C2 

URANUS 

L 0 y. 

1/2. 299500 CO 

04 

4- 34853240-05 

2.418282 10-02 

2.45791 2 lD-02 

URANUS 

N JM • 

1/2 .29450000 

04 

4 .35805800-05 

2.42C02280-02 

2.45971 C3D-02 

URANUS 

H I OH 

1/2. 28950000 

04 

4.36757510-05 

2.42176850-02 

2.46151 370-02 

NEPTUNE 

LOW 

1/1 . 93820 OOD 

04 

5. 15916010-05 

2.55881790-02 

2.6C323 060-02 

NEPTUNE 

NOM. 

1/1 .93320000 

04 

5 . 17250300-05 

2.56 100260-02 

2.60549 18 D— 0 2 

NEPTUNE 

H IGH 

1/1 . 92820000 

04 

5. 1 8591 31D-C5 

2 .56319470-02 

2.60776080-02 
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Table 3-2. Mass Parameters and Distance Ratios 
for Planet-Satellite Systems (2.2) 


SATELLITE 

VALUE 

MASS 

MU 

GAMMA Li 

GAMMA L2 

MDUN 

MQDN 

iMCOiN 

LUW 
NCM« 
ri I OH 

1/0. lOOOdSOD 0 1 
1/8.15006500 01 
l/d. 1 J004500 0 1 

1 .21505430- C2 
1 .21505720-02 
1 .2l50o02D-C2 

C. 150934 1 
C. 15C9342 
C. 15C9344 

0. 1678325 
0. 16783 27 
0. 1678328 

AMALTHEA 

AMALTHEA 

AMALTHEA 

LOW 
N Dm • 
h luH 

9. OOOOOOOD-l 0 
1 . tsOOOOOOD-09 
7oa0OOOD-O9 

9 . COOOOOOD- 1 C 
1 .80000000-09 
2 . 7000000D-C9 

C. 0C0O693 
C ..CCC8432 
0.0009652 

0. 0006696 
0.0006437 
0 , 000965S 

10 

lu 

lU 

LUW 
'JuM- 
H tort 

4 . 6 J4.00 0 0 0— 0 5 
4 . 68400000-06 

4.7 3a 0000 C— 0 b 

4.633785-30-0 5 
4 . 683/6 060— C5 
4 .73377590-05 

. .-02469O 0 
0. 024 7637 
C .0248708 

0 . 025 10 94 
0 . C25200 1 
0.02529 02 

cURQP A 
EURGH A 
duRGP A 

LOW 
N M m 
h IGrt 

E B A7300 OCD-OS 
3. 53300 0 00-0 b 
c..b73OOCCO-0b 

2 . 4729388D-C5 
2 .52293630-05 
2. 57293330-C3 

C. CaCCcdd 
C . C2C 1 972 
C. C203 a88 

C . C203352 
0 . C2047SO 
0 . C2C60 d : 

JANYMEDE 
jAN Y >1 EUfc 
G A iN Y M ED E 

LEW 
I'J uM • 
H lort 

7 . 7S30000D-0S 
7. 8C3000 0D— Ob 
7 . BsJOO 0 00- Cb 

7 .75239900- CS 
7.80 239 1 20— C 5 
7 . 65238340- C5 

C . C292709 
0 . 0293 3 J 0 
C • 02939a 9 

0 .0 2985 3 3 
0 . 029 9 1 6 2 
G . C299ajy 

call 1 STU 
CALL ISTG 
CALL! STU 

L U. rt 
iN ul'i • 

H loH 

5.6110000 o — 0 5 
5.061 00000-05 
5.71 1 OOOOD-0 5 

S.61 Cod52U— 05 
5 • 66 067 9 5U— C 5 
5 .71067390-05 

0. 02o3073 
0 . 026 3845 
0 . 0264613 

J . 02677 70 
J. 0266570 
0 . 0269355 

JANUS 

JANUS 

JANUS 

LUW 
N U M • 
H IGH 

3. OCOOOOCD-09 
5. 00000000-09 
7. OOO.OOOOD-0 9 

3. OOOOOOOD- C9 

5 . 00000000- 09 

7. 00000000- 09 

C. 00 0999 7 
0 .00 1 1852 
0.0013258 

0. CCICCC J 
0 . CO 1 186 1 
0 .0013269 

MI.<iAS 

MIMAS 

MIMAS 

L u tv 
N UM . 
HIGH 

6 . 0 aOOOOOD-08 
6.590000 CO— C 6 
7.09000000-08 

6 .08999960-06 
6.58999960- OS 
7 . C399995D-Ca 

0 .0027254 
C. 0027980 
0.0028670 

U . CC273C4 
0 . CC28032 
0 . 0028725 

ENCELAOUS 

ENCELADUS 

ENCELAOUS 

LOW 

NOW. 

HIGH 

a. 7COOOOOD-08 
1 .48000000-07 
3. 09000000-07 

e . 69999920- Ce 
I .47999980-07 
2. 08999560-0 7 

Q. C030692 
C.CC3663 1 
0.004 1091 

0 . C03C755 
0 . 003672 1 
0 . C 0 4 1 2 0 4 

RHEA 

RHEA 

RHEA 

LOW 
N o I»1 • 
HIGH 

2. CO OX) OGC 0-06 

4. 00000000- 06 

6. 00000000- 06 

I . 99999600-06 
3 .99998400-06 
5 .99990400- C6 

0.CC671O3 
0.0109659 
0. Cl 25461 

0 . 00876 12 
0 . C 1 10467 
0. C 12651 9 

TI FAN 
TITAN 
TITAN 

LOW 

NUM. 

HIGH 

2. 451900CD-04 
2. 46 1900CO-OA 
2, 4719000D-04 

2.45129900-04 
2.46 1294 ID-04 
2.4712891D-04 

0.04t7S93 
C. 0428 165 
C ,0426735 

0. C440143 
0 . C44C749 
0. 044 1353 

MIRANDA 
MIRANDA 
.MI RaNOA 

LOW 
N 0 M * 
HIGH 

3. OOOOOOCD-07 
1 .00000000-06 
1 , 70000000-06 

2. 999 99 9 10- 07 
9 .99999000-07 
1 .69999 7 ID-06 

C. 0046344 
0.C06917O 
0.0062523 

C . 0046488 
0. 0069496 
0 . CC32979 

ARIEL 

ARIEL 

ARIEL 

LOW 
NOW. 
H IGH 

5. 00000000-06 
1 . 7000000U-OS 
2.9000000D-05 

4.99997500-06 
1 . 69997 1 ID-C5 
2,8999 1590- C5 

0.C118C93 
C. Cl 77217 
C. 02 1 1499 

0.0119030 
0 . Cl 79336 
C . 02 14324 

TITAN lA 
T IT AN I A 
r I TAN [A 

L u i« 
NuM . 
HIGH 

1 . 00000000-05 
3. OOOOOOOD-Ob 
5. OCOOOOOC-05 

9.9999000D-C6 
2.9999 1000- C5 
4,99975000-05 

0 .0 1 48633 
C. 02 13885 
C. 0253242 

0 . 0 1 50 1 20 
0. 0216979 
0 .025759 1 

TR I TON 
TRI TON 
TRI TGN 

LOW 
N uM» 
H IGH 

1 . 3 0 C O 0 0 0 0- 0 3 
3- oOOOOOOD-O 3 
5 .3 00.00 0 0 0-03 

1 .2983 1 22D- 03 
3 .289 14580-03 
5.272058 10-03 

0. C7 3708 2 
0 .0995287 
0 . 1157758 

0.0775198 
0 . 1066085 
0. 125469C 
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near the collinear libration, points are presented in Tables 3-3 and 3-4. Roots 
of tlie characteristic equation for estimating stability of orbits near the libration 
points are given in Tables 3-5 and 3-6. Tables 3-7 and 3-8 list the factors for 
normalizing units of time, velocity, and acceleration to the non-dimensional 
units of the restricted three body problem. Distances between the planets and 
their collinear libration points are given in Table 3-9. Similar data for the 
satellites are listed in Table 3-10. Distance variations between some planets 
and tlaeir collinear libration points, based on their perihelion and aphelion 
distances, are presented in Table 3-11. Libration point distances and planetary 
shadow lengtlis ai’e compared in Table 3-12. The "critical radius” is the radius 
a planet would have to have in order for the apex of its shadow to just reach L2. 
A table of critical radii and shadow lengths was computed for the satellites, 
similar to the one for planets, but is not included here. The critical radii were 
all much smaller than the actual radii, ranging from 300 kilometers for ....e 
Moon to 0.1 kilometers for Janus, so a total solar eclipse by the satellite will 
occur at L2 during each satellite's revolution about the planet. 
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Table 3-3 


Constants for Equations of Motion 
for Sun-Planet Systems (2.3) 


PLANE-T 

VALUE 

U LI 

B L2 

C L 1 

C L2 

D LI 

L) L2 

MERCUPy 

MEKCUKY 

MERCURY 

L ul't 
NuM. 
H I GH 

A. 0■^^979^ 
4.0^:29804 
4.0229H1 7 

3.9772522 
3, 9772509 
3.9772497 

7-j0,297a5 
790. 25429 
790.21072 

7t4 .25 799 
764 .25443 
764 .2 1C87 

2C793 1 . 233 
2079C8.2S7 
207665. 359 

205306 .828 
205284.037 
20526 1 . 244 

VENUb 

VENUS 

VENUS 

LUW 
N UM . 
H IGH 

‘J-. Ubo7640 
^.0507641 
4.0 So7642 

3, 9^<i6 185 
3.9446 1 84 
3. SA A6183 

324. 05^00 
324. 05 146 
324 . CS095 

318. 05286 
J 18. 05 23 3 
3 18.05181 

34 899.797 
34699. 684 
34899. 57 1 

33829.429 
33829. 318 
33829.207 

EARTH 

EARTH 

EARTH 

LUW 
N UM . 
H IGH 

4. 0s08i>24 
4. 0608224 
4. UO08224 

J.94C7610 
3. 94C76C9 
3 ,94 C7609 

302. 8895 / 
3 02. 8894 2 
302. a£927 

29C.69055 
296 .89040 
296.89025 

30484- 334 
30484.304 
30484. 273 

29464.494 
294 6 4 . 4 64 
29484,434 

EARTH+MUoN 

EARTH+MUUN 

EARlH+MQuN 

LO\f. 

N UM . 
H IGH 

4.08 1 0740 

4.061 0740 

4.0610740 

3. 9405222 
3. S4C5222 
3.9405222 

301,66998 
3 0 1 . 6 6 9 9 1 
301 .6c983 

295.67097 
295,67190 
295 .6 7Ca2 

30238.970 
30238.955 
30238. 94C 

29243.194 
29243.1 79 
29243 . 164 

MARS 

MARS 

MARS 

LUW 
NUM. 
H I GH 

4 .0287161 

4.0287162 
4.0287162 

3.97 16438 
3 . 97 16A 38 
3.97 lo43d 

633. 79949 
633. 7986 1 
633. 79813 

027.79971 
627 , 79903 
627 . 79635 

133693.790 

133693.503 

133693.217 

131591 . 026 
131590.742 
131590.457 

JUPITER 
JUP ITER 
JUPITER 

LUW 
NUM . 
H IGH 

4 . 44 61596 
4.4461599 
4.446 1602 

3.6228451 
3.8228449 
3.6220A A7 

4 6 . 9 3 3 0 5 
4 o. 93 302 
46 . 9 3299 

40.96419 
40.9841/ 
‘j 0.96414 

725. 004 
725. C03 
725. 002 

577 .079 
577,0/8 
577,077 

SATURN 

SATURN 

SATURN 

LUW 
NUM. 
H loH 

4 .2904902 
4.2905340 
4.2905779 

3 . 74 11 980 
3.7411 oJO 
5.741 1 2a0 

u8. 7CC82 
o8 .69143 
6b. 6 8 il 0 4 

62 .7k^72 
62 . 71334 
62 » / 039 o 

1 556. C2C 
1 555.594 
1555. 167 

1336.047 

1335.651 

1335.256 

URANUS 

URANUS 

URaNUS 

L U lV 
NUM. 
H I GH 

4.1510275 
4.1511406 
4.15 1254 0 

3. ebfc2270 
3. £561272 
J, £56027 1 

126. C48 1 9 
125. 95895 
1 25 • 869 56 

l.:0, 05410 
119 .9u-^95 
1 19.67 559 

5259. 037 
525 1. 571 
5244. 099 

484*3.365 
484 1.196 
4834 .022 

NEPTUNE 

NEPTUNE 

NEPTUNE 

LuU 
NUM. 
H IGH 

4. 1 o01742 
4 . 1 o Oo 16 7 
4.1 604597 

3 . £5618 06 
3 . 85C0557 
3. E4'»9 303 

1 19.23396 
1 19.1 3395 
1 19. 03376 

1 IJ .24072 
1 13, 1 4 C70 
1 1 J .04052 

4704.215 
4696.302 
4 6 88. 36 1 

4310.227 
4308. 646 
4301 . C59 


Table 3-4, Constants for Equations of Motion 
for Plane t-Sate IK te Systems (2.4) 


SAreLLITE 

VALUE 

U LI 

a L2 

C LI 

C L2 

0 L 1 

D L2 

MOON 

MULiN 

MuUN 

L u I'l 
N OM • 
H luH 

L>, 1 't 7liv S 0 
S, I W7jJ4l 
6, 1 L 7 ‘jUE 1 

3 . 1 9C4260 
3. 1 9C4266 
3 . 1 9 0 2 4 J 

21.51 165 
21. 51 163 
21.51 162 

1 £ . t A 5 1 7 
15,84616 
16.04614 

1 57. 25 5 
157. Jsi 
157. 255 

9 1 . / 0 1 
91.701 
9 1 • 7 J 1 

AM ALTHEA 
AMALThliA 
AMALTHcA 

L Jh 
NU1« 
H i GH 

A .V/0AO2JE 
A,CU:jOJ:j6 J 

A, 

3. 5969370 
3.9949451 
2.9942145 

4434. 40519 
3569. 89356 
31 10.23314 

447a. 40019 
2503.89387 
31 64.23215 

67C18C6. 180 
4222099. 155 
2222464,342 

6 08 68 6 0 . 1 49 
4 21 124 2. 82*4 
3 21 31 26 .330 

10 

lU 

lU 

LOW 
NtJM- 
H loH 

4,IGAJli2E 
A. 1 SA'a J3S 
A, lusbOOa 

3. £552067 
3. £34 7SA2 
3, £542653 

123.47024 
123. CAOlO 
122. 61603 

1 1 7 . 47fca0 
1 1 7.0 464 1 
1 16.02239 

50A5. 496 
50 10.297 
4975-716 

46 4 J.4 J7 
460 J . 040 
4o7a.470 

EUHOP A 
tUKUP A 
EUKuP A 

LUtV 
NCM. 
H IGH 

A, 1 241,03 6 
4 . 1 2o.) I Ob 
4, I 201 3AO 

3.0619267 
3. 33 1 1 566 
3. 0603967 

Ibi . 5 1069 
150.52103 
149.56922 

1 45 .52207 
l44.a351 7 
143-07343 

7007. 005 
7507. 908 
74 1 2. 020 

7111.521 
7015. 7L3 
6923.020 

GANYMElE 
L AMYVLOt 
GANYMlOE 

ULrt 

N « 

H IijH 

4 , 1 GAJJdO 
A.lcA/'vod 
4, lortb/o 

3. 62S1 367 
3. c2t0366 
3 . 62£404 1 

1 C <f , 4 8 C 7 0 
10 4 . 2u 3b ^ 
1 04 . 04 024 

9 0.4 0569 
50 .27253 
90 .06722 

2009. C74 
3594.030 
3579. 156 

3270 . 1 24 
J 2 J j • c a 3 
324 1 . 7 Co 

CALuI STQ 
CAlLISTO 
CAUL ISTO 

Ll,« 

N ufi , 
H I ori 

4,1 0 4 1,7 0 7 
4, 1 05J755 
4. 1 OSa774 

3 , 0460700 
3.6456299 
3.04519 17 

1 lo.02d57 

115.0 94c3 

1 1 5. 3 £50 4 

1 10.03570 
1 09 . 70203 
1 C9 .37227 

4452- 934 
4420. 27 1 
44 02. 98 1 

40 7 5 « L 15 
4 052. C«o3 
402 7 . £71 

JANUS 

JANuS 

JANUS 

L U tv 

NCM, 

HIGH 

4,00o00Q0 
4,0071260 
A, 0079722 

3. 9940030 
3.SS£0974 
3.9920559 

3003. cocoa 
25 33. 290 7 7 
2264. 043 1 9 

2997. 00 06 7 
2627.298/9 
2258.34321 

30C5CC7.674 
2 J 28360. 322 
1709087.043 

29950C7.a5l 
2 1299 26. 4 68 
1 701S4J. I4l 

MIMAS 

MIMAS 

MIMAS 

LLW 

NOM. 

HIGH 

4.01 04270 
4, 0 locOoS 
4,0 172U4 J 

3. 903o9 17 
3.9e3268u 
3.9620471 

1102. 72577 
1074.19105 
1 040. 3940 5 

1090.73934 
1 068. 1 9 193 
1 042 .39492 

4C4981. £26 
384275, 7 2 1 
366032 . 196 

401315. 970 
330705. C23 
262547.437 

ENCELAOUS 

ENCELAOUS 

ENCELAOUS 

L >J 'll; 

N i,M . 
h IGH 

4. OlliaOSA 
4,0221iJU 
4,024623d 

3. 9016411 
3. 97cl OIJ 
3.9754459 

979- 46376 
820. 97933 
732. 00995 

9 73 .4 6304 
314 .9 7946 
7 2 6 , 0 9.0 1 1 

319461 . 005 
224399. 769 
178412.210 

216206.062 
221673. 1 15 
1759 £1 .924 

WHE A 
RHEA 
RHEA 

LOW 

NOM, 

HIGH 

4,ti33024A 
4, 0070057 
4, u 706621 

3,9401347' 
3. 9349037 
3. 925o4 19 

340.41923 
275. 57421 
241.11690 

340.42CCS 
209 .57540 
235 . I J £52 

3989 1. £ 1 0 
25226.484 
19303,428 

3874 6.298 
2421 7.674 
1 85 09 .4 42 

TITAN 

TITAN 

TITAN 

LOW 
N UM , 
HIGH 

4.2752636 

4,2736772 

4.2760699 

3. 7E24069 
2. 7S3C392 
3.7527725 

72.12780 
72. 04411 
71 .95088 

66-15755 
06 . 06 337 
05.97069 

1716 - ise 

171 1.686 
1707,244 

1484 . 770 
1430.617 
1476.484 

MIRANDA 
MI RANOA 
MIRANDA 

LOW 

NOM, 

HIGH 

4.02002 1 7 
4.04 19050 
4.0301979 

3.9722212 

3,9607774 

3.9500876 

649. 32329 
435.67902 
365.52601 

643 . 33350 
429 .67943 
3 59 • 5 2663 

140232.584 
03131. 358 
44421.567 

1381 73 . 043 
6 1 633 .951 
4 32 12.94 1 

ARIEL 

ARIEL 

ARIEL 

LOW 
NOM. 
H I GH 

4,0722699 
4, 1 09503 3 
4.13 14270 

3.9299694 
3.0954312 
3.07566 07 

256. C3029 
171 .28072 
143. 0397 1 

250.02768 
165,28389 
1 37 .84420 

21 770- 832 
9726.751 
6853,590 

20927. 131 
9105-443 
633 J .676 

T ITANIA 
r itania 
TITANIA 

LO,. 

N JM , 
HIGH 

4.0914000 
4 , J 3 290 2 7 
4. 1 aj462y 

3.9121027 
3. £ 7428*30 
3. 0616906 

203, 03759 
142.25727 
120.45632 

197.835o0 
126.26193 
1 14.4029 1 

13786.720 
67 03. 21 4 
480 1. 46 1 

1 31 16.940 1 
6233.572 1 
4409-404 I 

TRITON 
TRl TON 
TRITON 

LuW 

NUM, 

HIGH 

4 .4937230 
4.7011007 
4.0360907 

3.5E531 23 
3.4501 162 
2 . 3e 0o9 23 

42.02952 

32.00298 

27,71604 

26 .05226 
20 . 1 2793 
21 .89225 

SSa. 224 
238. 400 
255. 290 

464.471 f 
239. 450 ; 
1 70.101 1 


I 
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Table 3-5. Roots of Characteristic Equation 2.49 (2.5) 


ROUTS OF CHARACTERISTIC EQUATION (2.A9) 


ROOTS FOR LI KCQTS FOR L2 


PLANET 

value 

REAL 

IMAG IN ARY 

REAL 

I MAG I NARY 

MERCURY 

LOiV 

2, 51 748SE 

2. C771982 

2.4991409 

2.0660508 

MERCURY 

N CM . 

2.51 74857 

2. C771 9 £5 

2.4991464 

2 • Coo 0303 

mercury 

H IGH 

2. o 1 746o2 

2 . C 7 7 1 9 8 9 

2 . 49 9 1 4 5 9 

2 .0c6C-J2 

VENUS 

L u w 

2 • o 3 oy 4 7 0 

2. CcEaOSo 

2. 48597a 1 

2 .OSdCLla 

ENUS 

■\ .. i'l • 

2.L)3jy47 I 

2. C854086 

2.48 33 75 1 

2.05o02IG 

/ E.'-i u S 

H I orl 

i.j^J'^471 

2. C£r4CSo 

2. 465 9 751 

.\jSaCt:.. J 

EAR TH 

L CIV 

2.5 3235 j2 

2. CECJ926 

2.4844 L3 4 

2 .05707 89 

EARTH 

N u r-l . 

3 325593 

2. C c c39 2o 

2 . 40 44 1 34 

2 .05 7 0 729 

E Ak i n 

H I CH 

2 .wi32jay 3 

2. Cdfc392o 

2 . 4 8 -( 4 1 o 4 

2 .05 7C72? 

EAR T H +M OON 

l- Li I) 

2 • :s3265 92 

2.05 £4536 

• 2.46431o7 

2.C570i.-42 

EAkTH+NOGN 

N CM • 

2 .5326592 

2. C£ £453o 

2. 48 43 1 6 7 

2 . C 5 7 C i » 2 

EARTh+MUON 

H loH 

2 .532659 2 

2 » C £ C4 5 36 

2 . 48 4 3 1 o 7 

2.0570142 

MARS 

LOW 

2.5197763 

2 . C765948 

2. 496£ae3 

2 .0646567 

MARS 

NuM. 

2 .5 197763 

2. 0785949 

2.4968883 

2 . C c 4656 7 

MARS 

HIGH 

2.5 1 y 7753 

2. 0765949 

2.496ed£a 

2.0 848567 

JUPITER 

LOW 

2.6811 409 

2. 1770953 

2.3520592 

1 .9772045 

JUPITER 

N JM. 

2.6811410 

2. 1776954 

2.352059 1 

1 .9772044 

JUPITER 

HIGH 

,;.6a 114 11 

2. 1 77o9S5 

2.352059 C 

1 .97 72043 

SATURN 

L UW 

2. 6221489 

2.1 413020 

2.4022044 

2 . 00 73335 

SATURN 

NUM . 

2.8£21657 

2.1413124 

2 .4 C2 1 39 7 

2. CC73246 

SATURN 

HIGH 

2.0221 825 

2.14 13227 

2.402175C 

2 .00 73158 

URANUS 

L QW 

2.oo8l267 

2 . 1 Cfc 1 383 

2.4SC756C 

2 .03665E5 

URANUS 

N UMa 

2.5661710 

2 . 1 08 1654 

2.4507 150 

2.0366337 

URANUS 

HIGH 

2.0 682 1 53 

2. 1081926 

2 . 45 Oo 73 9 

2 . 0366088 

NEPTUNE 

LOW 

2.5717052 

2.11 C3302 

2.4474493 

2 .0346566 

NEPTUNE 

NOM. 

2. 5 7 17609 

2.1 103643 

2.4473979 

2 . C 3 46 255 

NEPTUNE 

H iGH 

2.5718168 

2.11 C3985 

2o44 73464 

2 .0345943 
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Table 3-6. Roots of Characteristic Equation 2.49 (2.6) 


ROUTS OR CHArJACTERISl IC EQUATION (2. Ay) 


ROOTS FGR Li ROUTS FOR L2 


SATELLI IE 

VALUE 

REAL 

IMAGINARY 

real 

1/^AG1NA.<Y 

MUuN 

MOUN 

L u'.; 

N UM . 
Hluri 

C.y S20S5A 
cvu2UG5o 
fi.9.:U05Gl 

2 . 3343856 
2. 3343858 
2.3343860 

2.15SE747 
2. 1566744 
2. 15 66742 

1 .5626401 

1 • do264b9 
1 . 6fc264b« 

AWALTHEA 
Ai-‘. AL T hh A 
A/mAuTHlA 

L U A 
N ON « 
n lull 

2.Goy69dS 
2. J I0J177 
2.GIU01 19 

2. 0725738 
2. C7283 1 1 
2. 0730 1 03 

2.50G5769 

2.5062387 

2.5059655 

2-0706135 
2 .0703693 
2 , 07C 1 bC8 

to 

lo 

10 

L Ow 

N W 4*1 . 

H 1 UH 

2. SoVAOEO 
c. . jOyua J 4 
2. b£9o772 

2. 1 C£9J7S 
2 • 1 090746 
2. 1092104 

2.4495482 
2.44934 17 
2.449 1 367 

2 .0359272 
2 .0358022 
2.03567O1 

EunuPA 

EuRoPA 
tlU*<0P A 

LOrf 

NUi'i. 

HIGH 

2. G 5 77 C 19 
2. b J b J 

2 . 

2. 1 017572 
2. 1 019629 
2. 1021 £39 

2.46C4689 
2. 4o 0 1 53 9 
2.4598430 

2 .0425427 
2 .04235 1 7 
2 .042 lo3w 

GANyMEOe 

GANYAIEOc 

GANYRLOfe* 

LOW 
N U(<t . 

H iuH 

2 . 3cU 1 
2. jcJ i29‘*5 
4£.Gal4bJ7 

2. 1 1C1092 
2. 1 162072 
2. 1 163047 

2.4386012 
2.4366554 
2.43 65 1 03 

2 .0 29 414? 
2 . 02933ou 

2 .0 29246 3 

CALL ISTO 
CALlI STU 
CALLI STO 

L Jm 
NON. 
H lOH 

2.67JS40O 
2.57J7S7S 
2. 57J903S 

2. 1 1 14546 
2 . 1 1 15755 
2 . U 169S6 

2.4457566 

2.4455772 

2.44S3969 

2 .0336333 

£4 C*^>-a543L 

2 .()3o4 1*44 

JANUS 

JANUS 

JANUS 

LOW 
N CM. 
HIGH 

2. SI 06951 
2.511 142b 
2.5114619 

2. C7306 10 
2.07333JS 
2. C73S4 02 

2,5056826 

2.5054367 

2.5050968 

2.070 1303 
2.CC-965b9 
2 . C696531 

MIMAS 

MIMAS 

MIMAS 

L UW 

NUM. 

HIGH 

2.5 l4o659 
2.5 150A17 
2.5 132068 

2. C756020 
2. C757C9I 
2. C7S8 1 09 

2-50 17377 
2.501563£ 
2.50 1398 1 

2.0676073 

2.0075013 

2.0674006 

ENCtLADUS 

ENCELAOUS 

ENCELADUS 

LUW 

NOM. 

HIGH 

2. S 1 56987 
2.5 1 71 391 
2. r> 182221 

2. C76 1 0S4 
2. 0769873 
2. C776474 

2. 5009 130 
2.4994867 
2.4984197 

2 . 06 7 1 054 
2 .0662388 
2 . 06 55884 

RHEA 

RHEA 

rhea 

L GW 

NOH. 

HIGH 

2.5294606 
2.5-350 135 
2.5389208 

2.C845013 
2. 0.878908 
2. CSC2767 

2.4874 180 
2.4820422 
2.4762828 

2 .0588987 
2 . 0 S5632S 
2 . 053J454 

TI TAN 
TITAN 
TI TAN 

LOW 

NOM. 

HIGH 

2. 61 6J 136 
2.6 lu4o43 
2. o lOol 57 

2. 1377122 
2. 1378052 
2. 1376980 

2.4073163 

2.4071834 

2.4C7050S 

2.0104141 
2.0 103340 
2 .0 10254 1 

MIRANDA 

MIRANDA 

MIRANDA 

LOW 

NOM. 

HIGH 

2.5 19499 1 
2.5250676 
2.5283365 

2.C784259 
2.08 18214 
2. 0838 1 56 

2.4971612 

2.4916988 

2.4865110 

2 - 0648227 
2.0615008 
2 .0595630 

ARIEL 

ARIEL 

ARIEL 

LOW 

NOM. 

HIGH 

2.5370972 
2.5518167 
2.56044 1 5 

2. 0891630 
2.0981576 
2. 1 024 335 

2.480035 1 
2.4660064 
2.4575047 

2.0544134 
2 .0458999 
2.0409687 

T ITANI A 
T ITANIA 
TI TANIA 

L OW 
N JM. 
High 

2.5446758 
2.5 b 10442 
2.571032 1 

2. CS37925 
a. 1028024 
2. 1099 179 

2.4727796 
2.45734 17 
2.4460702 

2.0500089 

2.0406475 

2.0350324 

TRITON 
TRI TON 
TRITON . 

LOW 
N1.M. 
H I GH 

2.7007646 
2.7750308 
2. o2J421 7 

2 . 1 6984 14 
2.2359820 
2.2661887 

2. 3359265 
2.2768407 
2-23967 19 

1 .9675466 
1 .9323270 
I .91029 76 
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Table 3-7. Conversion Factors for Normalized Units 
for Sun-Planet Systems (2.9) 


CONVERSION FACTORS F.jR NORMALIZED UNITS FDR SUN-PLANET SYSTEMS, 


PLANET 

T IMt 

VELOC ITY 



ACCELERA T I GN 


(days; 

{ ME TEAS /SEC 

. ) 


(M/S£C-!!«2 ) 

( G=y .7643 125 ) 

mercury 

14, 0007A<i 

4. 76721 22C 

04 

3. 

95747 3 10-02 

4 .05399 720-03 

VENUS 

35. 752243 

3.5020073C 

C4 

1 . 

1 354C73D-02 

1 . 16076S1D-03 

EARTH 

56. 132355 

2. 976474 ID 

C4 

5. 

930 1 02LO-C3 

c .C7324 CaO-04 

earth+mugn 

5d. 1 3235 £ 

2. 97c474 ID 

0 4 

5 . 

9301 0210-03 

e .0 7324 cac-04 

MARS 

109 ,000219 

2.41292360 

C4 

2. 

So426920-0j 

2,6 1592 33C-04 

JUPI TER 

039 . 552757 

1 , 30c4l t:3C 

04 

2. 

1928066D-04 

2 .24573£eC-C5 

SATURN 

1 712. OO026 1 

9.045 1 12 ID 

0 3 

6. 

5l9ld£30-CS 

c .o 7654 300—06 

URANUS 

4 s dJ , 7 0 Jo 1 6 

o .oCC724oO 

0 J 

1 . 

Oil 7295U-05 

1 .c£062 29 0— 0 6 

NEPTUNE 

9 5 79. 4 5 04 0 4 

5.432a4d9C 

03 

6 • 

5640toStlC-0C 

6 . 7225069D-07 


Table 3-8. Conversion Factors for Nox'malized Units 
for Planet- Satellite Systems (2. 10) 


CONVEKSl-CN FACTORS FUR NORMALIZED UNITS FOR PLANE T-SA TELL I T£ SYSTEMS. 


SATELLITE 

T IME 

VELOCITY 


ACCELERAT ICN 


(DAYS) 

1 METEhS/SEC 

. 1 

( M/SEC + + 2 > 

<G=S. 7643125) 

MUON 

4. 34B377 

1 .02315480 

03 

2. 72333C6D-03 

2.76906 53D-C4 

AMALTHt A 

0 . 07926b 

2.64C4C90D 

0 4 

3.dG43-563D 00 

3 .94739 140-0 1 

ID 

0. 26l5a7 

1 . 73368770 

04 

7. 1264643D-01 

7 .29650030-02 

SURGPA 

0 • Sob 1 dti 

1 ,374 1842C 

04 

2.8 1409 18D-C 1 

2.83201 730-02 

OANYMEDfc 

1 . I 36533 

1 , 06799790 

04 

1 . IC58893D-C 1 

1 - 1 3258260-02 

call ISTO 

2. 656 1 4 C 

8.2 0346 C6C 

03 

3. 57464120-02 

3 .66092460-03 

JANUS 

0. 130046 

1,504 10 COD 

C4 

1.33864900 CC 

1 .3 / C96 C6D-0 1 

MIMAS 

0 . 1 4999 1 

1..4321065D 

04 

1 . 10506590 00 

1 . 1 3 17cC lD-0 1 

ENCcLADUS 

0.218077 

1 . 2626762D 

04 

c. 70675180-0 1 

6.86663700-02 

RHEA 

0.718983 

8.486625SC 

03 

1 . 3o6 16420-0 1 

1 ,359 14 C2D-oa 

TI TAN 

2. 5377^3 

5.57 137630 

03 

2.54093010-02 

2 , 6 0226 2 lD-02 

MIRANDA 

0 ,2249u3 

6.6775395C 

C 3 

3. 43551380-0 1 

3.51643900-02 

ARIEL 

0, 40 1 131 

5.505558 ID 

03 

1.53855250-0 1 

1 .62669 6 40-02 

T ITANIA 

1 ,3a53o2 

3.6424229D 

03 

3. 04259710-02 

3 . 1.1602620-03 

TRl TON 

0, 935029 

4 , 39598320 

02 

5. 43973730-02 

5.57 104 C2D-03 
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Table 3-9. Distance Between the Smaller Finite Body and a 
CoUinear Point for Snn-Planet Systems (2. 11) 


PLANET 


MEAN DISTANCE BETWEEN 

MEAN DISTANCE EETwEEN 



PLANET 

AND LI 

PLANET 

AND L2 



( AU ) 

(KM ) 

( AU ) 

( KM J 

.viEKCURy 

L Civv 

U. 0014732 

2203E3 

0. C014769 

22CV44 

MERCURY 

NuM. 

0 . 001 a73 3 

220395 

0.0014770 

220956 

MERCURY 

H luh 

0 . 0 0 1 4 7 3 3 

220408 

0.0014771 

22096c 

VENUS 

L 

0. 0067330 

1 0 C799 I .8 

0 . 0C678C 1 

1 0 1 4 29 C . 6 

VENUS 

NLM. 

0 . 00o7od0 

1 CC7993 .3 

0 .006780 1 

10 14292 . 3 

VENUS 

H I ijH 

G . 00 o 73 E 0 

1 0 C7994. 9 

0 . C Co7e0 1 

1 C 1 -4 2 1 3 . 9 

EAR TH 

L L A 

0 . 0 0 ->V7 04 

14 9 15 50.6 

0 . 0 1 OG 3 7 1 

1 5 C 1 3 3 1 . 4 

CAk TH 

N _M . 

0. 309V704 

1^9 1551 .4 

0. 01 JCjV 1 

150 153 c . 1 

E AkT H 

(1 I v>ri 

0 . Ouv9704 

14,1552.1 

0 . C 10037 1 

1301532,0 

eakt m+muqn 

L UtY 

O.OIgUIIo 

14 97620. a 

0. 0 1 00 782 

13C7683. 3 

LAkT M + MuCN 

f’l i-M . 

O.OIOOI 1C 

149762 1 .2 

0 , 0 1 OC 782 

l3C7c83. 7 

Ear th uon 

H iuH 

0 . 0 1 00 I 1 0 

1 497u21.6 

0.0100782 

1607684 . 0 

MARS 

L. c 1*^ 

0 . 0C7235C 

1 CE234 G . 9 

0. C072S80 

1C85775. 0 

MARS 

NuM. 

0 . 00733SO 

1 082342 . 1 

0 . 0072580 

1065779 . 2 

MARS 

H I uH 

0 . 0072350 

1C8234J.2 

0. CC725aC 

1 C8373 C .3 

JUPITER 

LUW 

0. 3469264 

S 1899457 

0 .3630753 

£4315269 

JUP I TER 

N uM « 

0 . 346.9 26 7 

5 1S99489 

0. 363C7S5 

543 15324 

JUPI TER 

HIGH 

0 .3469269 

51899522 

0 .3630758 

£43.15 359 

SATURN 

LUW 

0 « 4286690 

64157883 

0.4-42 1248 

o61 4C935 

SATURN 

NCM. 

0 , 4289293 

64 1 66904 

0.4421889 

66 15C522 

SATURN 

HIGH 

0. 4289896 

64175931 

0.4422531 

66 160116 

URANUS 

L UW 

0 .4638737 

693945 16 

0.4714755 

7C53 1729 

URANUS 

NON. 

0. 4642076 

6 9444466 

U . 4718204 

7058333 C 

URANUS 

HIGH 

0 . 4645424 

69494560 

0 . 472 1 88A 

7 C635C3 1 

NEPTUNE 

Lu w 

0.7691239 

1 1 5059296 

0 . 7824733 

11705634 7 

NEHTUNE 

NUM. 

0. 7697805 

1 1 5 157529 

0. 783I53C 

1 17 158022 

NEPTUNE 

HIGH 

0.7704394 

1 15256 1 00 

0 . 783C350 

1 1 726004 9 
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Table 3-10. Distance Between the Smaller Finite Body and a 

Collinear Point for Plane t-SateUite Systems (2. 12) 


SATELLITE 


MEAN distance 
BET wcEN satellite 
AND Li (KM) 

MEAN DISTANCE 
between SATEuLITE 
AND L2 (KM) 

RADILS CF 
SATEuLI TE 
(KM) 

MOON 

L UW 

oSO 1 a. 9 

64514.7 

1/38.1 

MOON 

NOM. 

SdOlG.O 

64514 . 7 

1 736 . 1 

MOON 

HIGH 

SBU 1 ^ . 0 

C4514. a 

1738 - 1 

amalthea 

L U W 

121 

12 1 

125 

AMALTHEA 

NUM - 

1 50 

153 

75 

amalthea 

h I GH 

175 

175 

25 

10 

L u tv 

104 16 

1 0590 

1830 

10 

NUM. 

I 045 J 

I 062a 

182 0 

10 

HIGH 

10490 

1 06u 6 

Ic 10 

E UP. OP A 

LOW 

10464 

136 4 6* 

1380 

EURuPA 

N .j I'l • 

1 J sb 3 

13 738 

16 3C 

EUkOP a 

HioH 

1-J642 

1 U62 9 

1 4d 0 

GANYMEOE 

LU.V 

31331 

319 3 5 


^AN YMEOE 

NoM • 

J 1 3 J B 

32024 

20 4 0 

GANYMGOE 

H I vjH 

3 1 4o4 

32093 

2590 

CALL ISTO 

LU.V 

49527 

304 11 

2 4o0 

CAL^ I STO 

NUM. 

49o 7 2 

5 Cbo 1 

24 1 C 

CALL I STO 

H luH 

496 1 o 

5071 1 

2360 

JANUS 

L u vv 

1.6 V 

1 o9 

18 0 

JANUS 

NUM. 

200 

200 

1 1C - 

JANUS 

H IGH 

224 

224 

60 

MIMAS 

LuW 

506 

507 

400 

MIMAS 

NoM . 

5 1 9 

520 

200 

MIMAS 

HIGH 

532 

533 

IOC 

ENCELADUS 

L U W 

731 

732 

450 

ENCELAOUS 

N uM • 

872 

874 

2 75 

ENCELADUS 

H luH 

978 

9d 1 

125 

RHEA 

LuW 

4 59 2 

4 619 

038 

RHEA 

NOW. 

67fa 1 

5824 

786 

RHEA 

HIGH 

66 1 4 

667 0 

7 38 

TITAN 

L UW 

52235 

53768 

29 66 

TITAN 

NUM . 

52305 

53842 

2916 

titan 

high 

5.£i3 7 5 

53916 

2866 

MIRANDA 

LOW 

601 

603 

dOO 

MIRANDA 

N uM . 

898 

902 

S5C 

MIRANDA 

HIuH 

107 1 

1077 

500 

ARIEL 

LOW 

2253 

2271 

2300 

ARIEL 

N CM. 

3381 

3422 

1500 

ARIEL 

H IGH 

4036 

4093 

700 

TITAN lA 

LUW 

6 48 I 

6 54 0 

2800 

r ITANIA 

NuM. 

9326 

9 461 

1800 

T ITAN lA 

H IgH 

1 1043 

1 1232 

oOO 

TRI TUN 

L u /< 

26 1 as 

27539 

3000 

TH I TON 

NUM . 

35358 

37873 

1665 

TRITON 

H IGH 

4 1129 

44573 

1 COO 
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Table 3-11. Distance Variation Between the Smaller Finite Body 
and a Collinear Point (2. 13) 


DISTANCE VAR I ATI CN dETaEEN THE Sf^ALLtK FINITE dODY ANO A CL.i_LlNEAR POINT 


auiiY 


MlN. DISTAiVCE 
□ ETrtLEis taOCY 
ArtU t_l (KM) 

ma;<. 01 stance 

bcTAEEN ctOOY 
ANO LI 

MIn, DISTA.nCc. 
EETAtfcN cUOY 

ANO L2 (AM) 

NAX. DISTANCE 
EETaEEN BCJV 
AND L2 ( KP ( 

HtRCoRY 

L u 

1 7 5 Duo « 4 

2o 5 69 9.9 

17t£ 1 1 . 7 

266375 . 7 

CUKY 

\ ^;.i. 

1 7b J7o. 1 

2b57 14. o 

17 53<;1 .4 

266390 . 5 

Mt A CU kY 

H I vjh 

17 u0<3b . 6 

265729. 2 

17S631 .2 

2664 C5 . 2 

E-Hk ThTMUON 

L >J 111 

147E571 .6 

1322670, 0 

1462465 .d 

1532900 .6 

EAk T rt t-MuiUN 

i\ u Ni . 

14 7 c. ^7 c. * 0 

lo 2 26 7 0.4 

14624 00 . 1 

1532901 .a 

EAR TH+MOiJi'j 

H I vjri 

l47.iJ72.4 

1522670. a 

14 624 c6 . 5 

1 53290 1 .e 

MAR 5 

L C <v 

Uca 1 ^34. ^ 

1 133330 . 9 

9644C1.1 

1 lc7 164 ,Q 

MARS 

NuM. 

yo i Ed5 • 

1 1 B339d. 2 

9c44C;i . 1 

1 13 7 156 . c 

MARS 

HIGH 

1 3o7 • 0 

1163399. 4 

964403.2 

1 1371S7 .5 

JUP 1 TER 

L L w 

493d5707 . 0 

544 1 J2C7. 4 

51664527 . 3 

56946049.9 

JUP I TER 

N uM . 

49303737. 6 

£44 1 3241 . 2 

5 1 66456 1 . b 

56946056 .9 

JUPITER 

H I oH 

493oS7 o8 * 3 

£4413274,9 

516645S5. 1 

56946 1 23 .9 

MuQN 

L UW 

54333.7 

612C4, 2 

o0972.d 

65056 .6 

MCON 

N U M • 

54333 . 7 

61204.2 

60972 .d 

65056 .6 

MOON 

H IGH 

o4 333 . 7 

61204.3 

o C 9 7 2 . 9 

65056 . 7 
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Table 3-12. L2 Distance and Length of Planetary Shadow (2. 14) 


L2 OISTANCc and LtNGTH OF Pl-ANtTAHY SHADD// 

PLANET i-ltAN PAOIUo CRITICAL RADIUS ME/SN DISTANCE MEAN OISTArJCE 

uR PLANET LF PLANET EETrtEEN PLANET OETWEEN PLA.iE 




( NM } 

(KiV) 

AND L2 In M l 

AND ShACCrt AP 

M E C U R Y 

L u 

£. A40« 1 

2643.49 

220943 . 7 

203286 

•lE. L;jkY 

N oRi • 

._4 40 . 1 

2 6 4 3* 33 

^ C 9 DO « C 

0 3 7 3 9 

i,jRY 

H I Cri 

4440 • 1 

i o 4 7 . 3 a 

22C9cc .2 

203 59 3 

\ ' j 3 

L »» 

o 1 4 0 ^ 0 

4 4 5 2 . o 9 


C U O 

VL.-'iu :i 

N w i‘i « 

oi 10.0 

o 4 u3 .3 d 

10 1 4292 . 3 

9 5 £ 2 5 C 

VE N o 5 

M I CH 

o I oO . U 

e 4 6 d . 00 

1014293.V 

956075 

7 rt 

L. LJ 

o J7 1 •« 0 

C9 1 1 - 44 

150153 1 .4 

1 3 a 3 C 3 4 

EAk Trt 

N uM • 

43 71-0 

6916.41 

1 bU lb32- 1 

1 33203 1 

C A K T n 

h lOH 

o 37 1 . 0 

D 9 2 1 . 39 

1 SC 1532. 9 

1 3 a 1 0 3 C 

E Art Th + M OCT'J 

L U rt 

6371-0 

6939.48 

1 b C 7oc3 • 3 

1383034 

E Ak ^ H fMOLN 

N oM . 

uS7 1 . 0 

6944.47 

lSC7otD.7 

1 3 8 2 C3 1 

EAkTH^-WuaN 

M i Gn 

o 37 1 -0 

69 49 .46 

lbC7dc4 .0 

1 3 3 1 C 3 0 

MAr-.b 

LuW 

4390.7 

3297.2b 

1 C£577a . C 

1 1 16714 

MAKS 

NuM. 

3390.7 

3299-63 

1 0E5779 .2 

1 1 159CS 

M Art S 

HIGH 

J 3 90 • 7 

3302. 00 

1 Oc 5 7fc0 .3 

1115 103 

JUPI TER 

LOW 

704o2 .0 

45369.09 

S431£2£8.9 

8 774277 £ 

JUP I TtK 

N JM . 

70452.0 

45401 . 74 

543 15324.2 

87658797 

jUPI TER 

h I GH 

7 04 4 2,-. 0 

4b4 34.38 

S43 15359.5 

a7574c,5c 

SA roRN 

L u 

56322 • 0 

308C8.41 

66140934 . 7 

13C6 14944 

SATURN 

NUM . 

57822- 0 

308 34 . 83 

66 15 C522.4 

129292256 

SATURN 

H IGH 

37322.0 

30861 . 2o 

66160115.7 

1 279737C7 

URANUS 

L UW 

2ci 1 bO • 0 

166 84 .68 

70531 728.9 

1 1 2 1 C8CC2 

URANUS 

NUM* 

23 1 sO - 0 

167C8.60 

70563329- 7 

1075798C5 

URaNUS 

H i GH 

24130.0 

16732. 57 

1 C 63 5 061-2 

103C71 £12 

NEPTUNE 

L u iV 

25 1 94 . 0 

17646.10 

1 17056346. 6 

168993721 

NEPTUNE 

N UM • 

25 092.. 0 

17673.73 

1 1 7 156 C2 1 .6 

166 172365 

nep tune 

H IGH 

24992-0 

1770 1 » 44 

1 1 726C C49. 1 

167352477 
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